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Abstract 
In order to design energy resilient communities against disaster-driven blackout risks, this paper propose a new 
system to share photovoltaic (PV) generated green electricity using V2G technology, which we call vehicle to 
community (V2C) system. In this system, electricity generated from widely introduced solar photovoltaic panels 
(PVs) is stored in the “cars not in use” in a city. In Japan, almost half of the cars in the central Tokyo metropolitan 
area are used only on weekends and thus are kept parked during weekdays. These cars represent a huge new potential 
storage depot if they were replaced by electric vehicles (EVs), that is, they could be used as storage batteries in a 
V2G system to attain carbon neutral energy self-sufficient community. The results of our study showed that although 
the entire electricity surplus (PV supply minus demand) could be stored without waste if 12% of the EVs not in use 
were utilized as storage batteries at an aggregate (city) level in August (with maximum solar irradiance), there exist 
significant regional mismatches at the local district level. Hence, based on the geographical electricity surplus 
estimates, this paper develops a metaheuristic-based graph portioning spatial clustering algorithm to find optimal 
spatial clusters which minimizing local spatial discrepancies between electricity surplus and storage potential. 
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1. Introduction 
In Japan, after the Great East Japan Earthquake (GEJE) in 2011, the share of thermal electricity has 
been raised because of the halts of several nuclear power plants operations. The extensive re-operation of 
fairly old coal-fired power plant possibly raises the black-out risk. Also, the GEJE became a trigger to 
start a full-blown feed-in-tariff (FiT) schema. Owing to the FiT, residents and firms have several 
economic incentives to introduce PVs, but fewer incentives to introduce storage devices. Therefore to 
manage large reverse power flows, a new scheme for storing surplus electricity must be implemented. In 
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this regard, we proposed a concept of an electricity sharing system, which we call vehicle to community 
(V2C) system, as a complement or alternative to FiT to achieve CO2 neutral transportation in cities ([1 – 
3]). In this system, electricity generated from mass-adopted PVs is stored in “cars not in use” in a local 
region. For example, 49% of cars in Yokohama are used only on weekends and remain parked during 
weekdays [2]. If some of those cars (cars not in use) were replaced by EVs, they could be used as storage 
batteries in a vehicle-to-grid (V2G) system. This system may raise urban resilience because most of the 
thermal and nuclear power stations in Japan are located in the coastal areas, and therefore the electricity 
supply system is highly vulnerable to natural disasters including flooding risks, which are projected to be 
raised by climate change. Hence diversification of risks using distributed generation is one of the 
important options that might be considered. 
The results of our previous study [3] showed that although the entire electricity surplus (PV supply 
minus demand) could be stored without waste if 12% of the EVs not in use were utilized as storage 
batteries at an aggregate (city) level in August (with maximum solar irradiance), there exist significant 
regional mismatches at the local district level. Hence, based on the geographical electricity surplus 
estimates, this paper develops a metaheuristic-based graph portioning spatial clustering algorithm to find 
optimal spatial clusters which minimizing local spatial discrepancies between electricity surplus and 
storage potential. Such attempt is partially tried in [2], but in the paper, we did not use optimization 
technique for spatial clustering, and therefore resulting clusters did not minimize the spatial mismatches.  
2. Introduction 
2.1. Study area 
Fig.1 shows the location of Yokohama, which is the target area 
of this study. The city is divided into micro districts or zones 
(called cho-cho-moku) which are based on the seven-digit postal 
code. During 2008 (our target period), Yokohama encompassed 
1661 cho-cho-moku and had a total population of approximately 3.7 million.  Fig. 1. Yokohama City 
2.2. Method 
To estimate the amount of electricity generated by PVs, we assumed that a PV was installed on the 
roof of each detached house in the study area. Then we calculated the amount of electricity supplied 
during each hour of a 24-hour day. The hourly average electricity supply by PVs (kWh/h) can be 
estimated as 
 TKptpcroofIPV
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where i (i = 1, …, n) denotes the zone, I is the total (solar) irradiance (kWh/m2/h), W is the array 
conversion efficiency (= 0.1), roofPV is the installation area (in m2), Kpc is the running efficiency of power 
conditioner (= 0.95), Kpt is the temperature correction coefficient (= 0.9221 for May through October, = 1 
for the other months), and T is the performance ratio (= 0.89). We used the envelope (peak value [max]) 
of the solar irradiance during each hour because we were focused on the maximal potential for storing 
surplus electricity. To estimate Yokohama’s demand for electricity, we calculated the zonal hourly 
demand. We used residential-specific intensity information and multiplied it by the appropriate floor area 
(floor space) in each zone to estimate the hourly electricity demand; floor area data also were obtained 
from the City Planning Basic Survey 2008. We then summed the hourly residential electricity demand in 
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the target cho-cho-moku to obtain the estimated overall zonal hourly residential electricity demand. With 
regard to the detail of above calculation, see [2]. 
2.3. Estimation results 
If all of the cars In Yokohama were replaced by EVs (we assume that the EVs are Nissan Leafs, which 
have a battery capacity of 24 kWh and electric mileage of 8 km/kWh) that are charged with grid 
electricity, the carbon emission from car use (per km) would be half that of a typical gasoline-powered 
car, according to the current electricity supply mix in Tokyo [2]. Therefore, to run EVs as carbon-neutral 
vehicles, EVs must be charged by using electricity generated from renewable energy sources. Hence here, 
we tested how many EVs would be necessary to store the entire electricity surplus. We assumed that, 
when not in use, cars (EVs) could function as storage batteries to supply households with electricity. We 
also assumed that the batteries of the EVs not in use were empty at 0:00 (that is, all electricity consumed 
the day before) and that the EVs in use were charged the quantity just consumed during their daily trips, 
which is calculated using agent based traffic simulator called MATSim, (shown as the dashed line in 
Fig.2) as soon as these trips were complete and the EVs had returned home. The solid line in Fig.2 shows 
that 12% of the EVs not in use would be needed to store the electricity surplus in August during 
maximum solar irradiance (30% is shown as another example). But looking at the cho-cho-moku level 
reveals marked regional differences. The left hand-side of Fig.3 shows the geographical distribution of 
electricity surplus, whereas right hand-side one represents storage capacity when 10% of EVs not in use 
functioning as storage batteries. Needless to say, it is desirable that electricity surplus is spatially matched 
with storage capacity from the view point of self-sufficiency of energy. Here, increasing the ratio of EVs 
used for storage of surplus electricity would hinder the actual implementation of the system. Hence our 
idea is if a high-affordability zone (the difference of storage capacity minus electricity surplus is positive 
and large) is adjacent to a low-affordability zone (storage capacity minus electricity surplus is negative 
and large in absolute value), then these zones may locally share EV capacities (Storage affordability = 
storage capacity – electricity surplus).  
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Fig. 2. Capacity for storing surplus electricity (August [maximum]) [y axis denotes the maximal storage capacity (GW)] (left);  
Fig. 3. Electricity surplus (middle), storage capacity when 10% of EVs not in use functioning as storage (right) 
Needless to say, the resulting spatial clusters should be as small as possible in respect of area to avoid 
large transmission loss. Moreover, shape of the cluster should not be too complex because it may raise the 
construction cost of local micro grid. Here, we develop a metaheuristic-based spatial clustering method to 
minimize the spatial mismatch between capacity and surplus. Our algorithm is a kind of graph 
partitioning method with combining simulated annealing algorithm to avoid local optima (We omit the 
detail of our algorithm).  
Figs.4 shows the result of spatial clustering. The blue line in the right-hand side of the Fig.4 denotes 
the value of penalty term plotted against simulation step, and red and black lines show capacity-surplus 
gap and the value of objective function f, respectively. We can find that the absolute storage affordability 
value moved toward zero in the middle of Fig.4 (7.12105Ѝ1.48104), but the resulting shape is too 
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complex because the shape of cluster is not constrained (i.e., O= 0). On the other hands, in the O= 105 
scenario, although capacity-surplus gap is not optimal (7.12×105Ѝ4.44×104) compared to O= 0 scenario, 
shape of the clusters are reasonably simple. Thus, our algorithm can introduce the shape constraint in 
fairly straightforward manner.  
  
  
Fig. 4. Example of spatial clustering by heuristic (top left: initial status; top middle: optimized cluster (O=0); top right: optimized 
cluster (O=105).  
3. Discussion 
The present study extended the electricity storage sharing system proposed in [1–3]. To be concrete, 
based on the geographical electricity surplus estimates, we showed a simple example of “optimization” of 
electricity storage sharing by looking at the geographical distribution of high-storage potential areas using 
a metaheuristic-based spatial clustering technique. We found that almost neutral spatial clusters in terms 
of electricity storage affordability (storage capacity minus electricity surplus) may be attained using our 
algorithm. In future research, we are planning to improve our algorithm, and compare it to the other 
conventional algorithms. 
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